spectrometry; DEPT, distortionless enhancement by polarization transfer; DPPH, 1,1-diphenyl-2-picrylhydrazyl; HMBC, heteronuclear multiple bond coherence; HMQC, heteronuclear multiple quantum coherence; HPLC, high-pressure liquid chromatography; NMR, nuclear magnetic resonance; SOC,ˆne powder of sesame oil cake; TMS, tetramethylsilane Biosci. Biotechnol. Biochem., 67 (10), [2304][2305][2306] 2003 Note Bacillus circulans strain YUS-2 was isolated as the strongest antioxidant-producer in fermentation of sesame oil cake (SOC, defatted residue yielded from sesame seed oil production). Two major strong antioxidants from fermented SOC were puriˆed and identiˆed as known sesaminol triglucoside and sesaminol diglucoside, however, our results demonstrated that the fermentation process with B. circulans YUS-2 was highly eŠective to gain the extraction e‹ciency of the sesaminol glucosides.
Bacillus circulans strain YUS-2 was isolated as the strongest antioxidant-producer in fermentation of sesame oil cake (SOC, defatted residue yielded from sesame seed oil production). Two major strong antioxidants from fermented SOC were puriˆed and identiˆed as known sesaminol triglucoside and sesaminol diglucoside, however, our results demonstrated that the fermentation process with B. circulans YUS-2 was highly eŠective to gain the extraction e‹ciency of the sesaminol glucosides.
Key words: antioxidative activity; Bacillus circulans ; fermentation; sesaminol glucosides; sesame oil cake The world production of sesame seed was 2.8 million tons in 2002, and Japan imported 1.5 million tons per year. Lignans contained in sesame seed oil are known to function as a good maintainer of the human body. [1] [2] [3] In another aspect, it was reported that various lignan glucosides are contained in SOC, a defatted residue yielded by the oil production process, but their extraction e‹ciencies were still low. 4) In this study, we report the possibility to increase production of antioxidants from SOC by fermentation technology.
Anti-lipid peroxidation and free radical scavenging activities of compounds in the fermented SOC were evaluated by degrees of inhibition of oxidation of linoleic acid 5) and by the decrease of DPPH, 6) respectively. Anti-lipid peroxidation activity was deˆned as the inhibition ratio of oxidation in which the perfect anti-lipid peroxidation was indicated as 1.0. Free radical scavenging activity was indicated as the BHA equivalent ( mM).
The SOC, defatted sesame skin, and defatted sesame endosperm were prepared by complete removal of oil by n-hexane extraction from whole sesame seeds, separating the skin and endosperm.
In 22 isolates selected from 300 isolates derived from 100 soil samples, a bacterial strain named YUS-2 showed vigorous growth on Y-S medium containing 20z Y-medium stock solution (minimal mineral medium), 7) 10z SOC, and 0.5z ammonium nitrate, and a methanol-extract of the culture showed the highest anti-lipid peroxidation activity. By morphological and physiological characterizations according to standard procedures, 8) the isolate YUS-2 was identiˆed as Bacillus circulans (Fig. 1) .
To purify antioxidative fermentation products, Bacillus circulans YUS-2 was grown in 1,960 ml of The antioxidants were extracted from 8-day cultures and detected with absorbance at 290 nm in HPLC using a Capcell pak C18 UG120 column (4. Y-S media (divided into 28 ‰asks) with shaking at 309 C for 6 days. The supernatant (approx. 8,000 ml) of the extract was obtained by centrifugation at 18,000×g for 10 min of the 2 h-extracted mixture of 7,840 ml of 80z methanol and 1,960 ml of the culture. The concentrate (320 ml) was passed through an Amberlite XAD-2 column (45 i.d.×320 mm, Organo). The measured anti-lipid peroxidation activities (in 25 ml) W free radical scavenging activities (in 100 ml) of water, 20z, 40z, 60z, 80z, 100z methanol, and acetone-eluted fractions (100 ml concentrates from 1,500 ml elutions) were 0.76 W 280.8, 0.66 W 173.1, 0.64 W 385.1, 0.84 W 520.0, 0.71 W 74.4, 0 W 43.3, and 0 W 11.7, respectively. Subsequently, a Capcell Pak C 18 UG120 column (20 i.d.×250 mm, Shiseido) was used for HPLC fractionation to purify compounds in the XAD-2 fraction (60z methanol), and the elution was done at 0.5 ml W min with 60z methanol monitored by a UV detector (290 nm).
Fractions showing the major 2 peaks were collected, and the amounts W purities of the collected compound 1 (tR 24.7 min) and compound 2 (tR 33.9 min) were 27 mg W 92.7z and 5.6 mg W 95.8z, respectively. The 1 H-and 13 C-NMR spectra of compounds were taken (400 MHz for 1 H and 100 MHz for 13 C) with a Bruker AVANCE 400 spectrometer (Bruker, Rheinstetten, Germany) using TMS as the internal standard. The 1 H-and 13 C-NMR spectral data of 1 and 2, assigned from the results of COSY, DEPT, HMQC and HMBC, entirely agreed with the reported data on 9) respectively. The structures of compounds 1 and 2 are shown in Fig. 2 .
As is shown in Table 1 , extraction e‹ciencies of both compounds 1 and 2 were mainly yielded from endosperm but not from skin. For compound 2, there is a possibility that a part of the compound contained in endosperm was lost in the defatting process because the total amount of the compound from skin and endosperm was less than that from whole seeds ( Table 1 ). The smaller amount of compound 2 obtained from endosperm suggested that the compound 2 was localized diŠerently (very possibly localized in the interspace between skin and endosperm) from compound 1 in endosperm. It is noteworthy that the amounts of compounds 1 and 2 extracted from fermented SOC were 2-fold higher than the amounts extracted from non-fermented SOC. Considering the fact that an extracted amount of compound 1 from non-fermented endosperm was the same as the amount from fermented SOC and that a increase of the extracted amount of the compounds by fermentation with endosperm was not very large, it is strongly suggested that the increase of extracted amount of the compounds observed in fermented SOC was due to the fragility of the SOC structure such as detachment of skin caused by some activities of B. circulans YUS-2. Kuriyama and Murui described how hydrolysis with cellulase and b-glucosidase is eŠective for the extraction of lignan glucosides from SOC. 4) Our results demonstrated that fermentation of SOC by B. circulans YUS-2 had a large eŠect on an increase of the release of sesaminol glucosides. The studies of releasing mechanisms and optimization of the production of sesaminol glucosides by B. circulans YUS-2 are now underway. On the industrial level, separation of endosperm and skin in SOC is not a realistic process, and also it is not preferable to use a huge amount of degradation enzymes such as bglucosidase for release of lignan glucosides. At this point, the development of a fermentation process with B. circulans YUS-2 has a great possibility to contribute to industrial production of sesaminol glucosides from SOC.
